Abstract: This study examined the socio-economic and environmental impact of the adoption of gasfier stoves by households in Arusha and Moshi towns in Tanzania. A total of 55 respondents were selected purposely from the gasfier stoves. For comparative purposes another 55 charcoal users were selected randomly for interview making a total sample of 110. There were also focus group consultations and key informant interviews. Structured and semi-structured questionnaires were used to collect data, which were analysed using the Statistical Package for Social Sciences.
INTRODUCTION
The University of Dar es Salaam under the Policy Innovations System for Clean Energy Security (PISCES) programme has involved in renewable energy technologies since 2007 for a period of six years up to 2013. The Project was funded by the Department for International Development (DFID) of the United Kingdom. The project was implemented in the four countries of India, Kenya, Sri Lanka and Tanzania. The goal of this project was threefold: one, to contribute to the wide transfer of knowledge and understanding of bio-energy; two, to demonstrate policy change in the target countries of the programme; and three, to maximize the contribution of bio-energy to gaining access to clean energy and improved livelihoods.
The PISCES at the University of Dar es Salaam focused its research on the development of biofuel and bio-energy appliances, which could be easily accessed by rural communities. There is a growing interest among researchers and stakeholders in finding out the outcome of the developed technologies by the PISCES-UDSM in relation to the goals of the project. The main objective of this paper was to assess the benefits realised by adopting the gasfier stoves and highlight the challenges encountered by users of the stoves in the urban centres of Arusha and Moshi. It also intended to provide insights into the impact of gasfier stoves on deforestation and environmental management. The reasons for the choice of the two urban centres were that, a considerable number of adopters of gasfier stoves were found there, as well as many producers/artisans, which facilitated the implementation of the study and helped to clarify most of the issues raised during the study, and the fact that access to charcoal and fuelwood in these two urban centres is declining due mainly to population growth. The findings from this study will inform policy and decision makers on how best gasfier stoves could be developed and disseminated for wide use and positive impacts, both economically and environmentally. It also informs researchers and artisans the areas of strengths and weaknesses (if any) of the stoves for making improvements. Furthermore it adds to the body of knowledge through publication in the areas of bioenergy, poverty and the environment. greenhouse gas emissions due to incomplete combustion which have impact on climate change. Also exposure to smoke from these traditional stoves causes serious health problems [1] [2] [3] . While these traditional stoves achieve their purpose of cooking food and other necessities, they also release copious amounts of carbon monoxide and various other poisonous gases [4] . Since people using them often tend to cook their food indoors, they tend to inhale these toxic gases, leading to various respiratory diseases and complexities [4] . These stoves are generally inefficient and their utilization for domestic cooking has been a major contributor to respiratory, other health problems and environmental concerns [2, 5] . Studies show that household indoor air pollution will cause an estimated 9.8 million premature deaths by 2030 [6] and that gradual and rapid transitions to charcoal and petroleum source of energies would delay deaths of people significantly [6] . In this regard, charcoal is regarded as a cleaner energy than fuelwood. Other reasons in favour of charcoal are the high price of oil combined with a sharp decline in foreign exchange earnings, which are key factors influencing the energy sector and access in developing countries especially Africa [7] . Many people cannot use electricity, liquefied petroleum gas or even kerosene for cooking because of high prices.
However, while using charcoal is seen to be better than using firewood in terms of health impacts, its use is also one of the major factors leading to deforestation in developing countries, especially in Sub-Africa. In many regions of the world, particularly in developing countries, the demand for fuelwood can only be met by the over-exploitation of forests [8] . Thus relying on charcoal for cooking carries the risk of continuing deforestation and is a threat to sustainable land use [8] . In Tanzania, a study by Monela et al. [9] revealed that the total area of miombo forest cleared annually for producing charcoal was 4354 hectares or 1524 km 2 in 35 years.
Charcoal use has also had an impact on the climate. Charcoal-intensive future scenarios using current practices are estimated to increase emissions by 140 to 190 [6] . Projections of the cumulative impact of business-as-usual in relation to charcoal use show that greenhouse gas emissions will reach 6.7 billion tons of carbon by 2050, which is 5.6% of Africa's total emissions [6] . Thus, reducing the demand for charcoal and shifting to other forms of energy could control deforestation [10] .
However, as pointed out earlier, it should be noted that the use of charcoal is also a matter of economics. Household energy use varies by income group and local fuel availability [11] . For example, in developing countries like Tanzania, fuelwood and agricultural residue account for 80% of domestic energy requirements, while commercial energy, such as kerosene, electricity and liquefied petroleum gas, accounts for 1%. Monela et al. [9] . report that a huge area of forest land was cleared in Morogoro Tanzania for charcoal production due to its affordability and efficient fuel for most poor urban dwellers in the country and is a lucrative business with a positive economic impact on charcoal sellers. Nevertheless, this is realized at the expense of environmental management. A transition to renewable energy sources (hydropower, solar, wind and geothermal power as well as biofuels), produced in a sustainable manner, seems to be the only way out of this dilemma [8] . To be adopted, these new energy sources must also have comparative advantage in terms of price relative to alternative sources. Even if the impact of clean energy coming from these sources is high in terms of reducing deforestation and greenhouse gas emissions, without having competitive advantage in terms of price and accessibility, people may still refuse to adopt them.
Use of Gasfier Stoves
Particulate matters emitted from stoves are a big concern to human health and indoor air quality besides carbon monoxide. Generally, alleviating poverty is hindered by two interlinked phenomena: lack of access to improved energy services and worsening environmental shocks due to climate change [12] . As part of the world's move to combat global warming and tackle health issues, developing nations are seeking to reduce their emissions of greenhouse gases emissions, and particularly of carbon dioxide (CO 2 ) through the adoption of new energy technologies for cooking [13] . Also the depletion in fossil fuels and an increase in the world's population may change the trend in household kitchens in the future [2] . Mitigating climate change, increasing access to energy and alleviating rural poverty can all be complementary and could lead to sustainable development, their overlap defining an energy-poverty-climate nexus [12] .
Studies show that the promotion of technologies, which use biomass more efficiently, could be a key strategy for integrating the concerns of both developing and developed countries in the so called energypoverty-climate nexus [14] . The improved cooking stoves programmes implemented in the developing world is an attempt to address these problems [2] . While there are efforts to develop other renewable sources of energy, such as solar and wind power and mini-hydros, there are also problems hindering their development [14] .
Modern biomass-based cooking options, such as gasfier stoves, can potentially play an important role in mitigating greenhouse gas emissions from domestic cooking. These sources also provide an alternative to kerosene, natural gas and liquefied petroleum gasfier stoves [1] . Furthermore, they could have an impact on poverty alleviation. The gasfier stoves are more efficient than the traditional stoves [2] . These stoves have been developed using jatropha seeds and rice husks, and have been tested and/or used in many parts of the developing world. The new class of gasfier stoves that have been developed using a single pan are highly efficient with low emissions and promise constant power that can be controlled using any solid biomass fuel in the form of pellets [15] .
Literature on gasfier stoves suggests that the use of high density agro-residue-based pellets or coconut shell pieces ensures operational duration of about an hour or more at power levels of 3 kWth (~12 g/min) [15] . According to Panwar [16] ), the stove exhibits about 35% thermal efficiency, carbon gases and the stove works in the range of 1.53 to 1.76 kW of power rating. The overall efficiency of the stove's flame is said to range 50-54 [17] . Nevertheless, it is argued that a comprehensive programme for clean energy should optimise mitigation and, simultaneously, adaptation to climate change while maximising co-benefits for socioeconomic, e.g., through improved air, water and food quality [5] . In the future, biomass has the potential to provide a cost-effective and sustainable supply of energy in developing countries, while at the same time helping countries meet their greenhouse gas reduction targets [18] .
Biomass Production in the World
Biomass is the most common form of renewable energy, widely used in the developing world but relative less in the western world [19] . According to Hall et al. [20] biomass is the world's fourth largest energy source and the first in developing countries, representing 14% and 35%, respectively, of primary energy. Similar findings have been reported by Balat and Ayar [18] . Total biomass resources from natural forests for 1990 were estimated at the equivalency of 27 million tonnes of oil [14] . Latterly, a lot of attention has focused on identifying suitable biomass species, which can provide high-energy outputs, to replace conventional fossil fuel energy sources [19] . Global production of biomass is estimated to be 146 billion metric tons a year, mostly from wild plants and agricultural residuals such as saw mill and sugarcane plantations, and the by-products the sugar, cashew nut, coffee and sisal industries [14] . It has been found that oil palm fronds are the best type of biomass for gasfier stoves and that the higher the carbon content and the calorific value of a biomass, the less time it takes to boil water [2] .
However, according to some literature, the success rate of efficiency of biomass energy is marginal compared to the potential available [21] . This limited success is a clear indicator of the need for researches to serious reassess bio-energy programmes. The limitations include the lack of adequate data on the actual energy potential of these sources as well as the lack of local capability to design and manufacture energy-related equipment and spare parts [21] .
Factors Affecting the Adoption of Clean Energy Technologies by the Poor
Renewable energy technologies offer an effective means of mitigating climate change, providing access to clean energy by the poor and alleviating poverty. Despite the numerous policies implemented to promote these technologies, the diffusion of renewable energy projects remains somewhat below expectations [22] . Mwakaje [23] , suggesting that while right policies are important for clean technology diffusion a consideration of other factors are also important. These may include the absorptive capacity of potential adopters and the age structure of capital [24] . Policy makers also are wary because of the widespread perception that these clean energy technologies cost more than conventional alternatives so that increasing their deployment will raise overall clean energy costs [25] . A study by González [26] revealed a number of factors affecting the adoption of clean energy technologies, which included the conditions of the potential adopters and the characteristics of the environmental technology. Other studies show that adoption rates are higher for projects with shorter paybacks, lower costs, greater annual savings, higher energy prices, and greater energy conservation [27] . Thus, an analysis of the determinants of and barriers to adopting clean technology should be the main goal of economists and social scientists. It should also be the concern of researchers, development partners and environmentalists.
The Conceptual Framework
Figure 1 presents the conceptual framework for adopting and using gasfier stoves, and the likely impacts. It is assumed that level of awareness, cost of both gasfier stoves and pellets relative to other energy sources in the locality, usability and flexibility, education levels including environmental education, family size, income of the household, age and marital status will influence the level of adoption. It is anticipated that the development and application of cleaner technologies (environmentally friendly technologies) will offer multiple benefits to the adopters. People who adopt gasfier stoves are expected to gain economically in terms of saving money, efficient cooking and positive health impacts through reduced smoke and carbon dioxide emissions. Adopting gasfier stoves is also anticipated to result in environmental gains through reduced deforestation and carbon dioxide emissions [28, 29] .
MATERIAL AND METHODS

The Study Area
Arusha City
Arusha City is the headquarters of Arusha region located in northern Tanzania between latitudes 2º and 6º south and longitudes 34.5º and 36º east. Arusha City is primarily a residential area and vegetation is normally short grass and planted trees. The planted trees are widely spread within the city and are mainly highland species. Older trees are found on traffic islands and alongside major streets in the municipality, which has a total area of 93 km 2 (9,300 hectares) out of 34,526 km 2 (0.3%) of the total area of Arusha region [30] .
Arusha city faces socio-economic problems arising from the rapid growth of the urban population attributed to natural growth, rural-urban migration, urban-urban migration and foreign immigrants. It has the highest population density (3,040 people per sq km) in the Arusha region. The population is estimated to be 359,044, although over 100,000 people come into the city in the day time and leave in the evening. The annual inter-census growth rate is estimated to be 5.4% [31] . The high population influx into Arusha is mainly due to two reasons. First, being a tourist town, the tourism business in Arusha has flourished in recent years and second, the city is the main market for minerals from the Mererani mine (mainly Tanzanite) [30] .
The economy of Arusha municipality depends on commerce, industry, small-scale agriculture and tourism. Fifty-two percent of employed people run businesses, 14% are employed in office work, 17% are casual labourers and 19% are in agriculture while the remaining 6% are employed in industries [32] .
Biomass is the main source of energy for the majority of the population in the municipality. Besides biomass, electricity mainly from the national grid and petroleum are also key energy inputs to development sectors within the council. Solar and wind energy in most cases are at the pilot or trial stage. For the past two years, Oikos, an Italian NGO, has been working on pilot renewable energy projects in Arusha and Meru District Councils. Also Arusha is the base for a number of organizations involved in the promotion of renewable energies [30] . Traders regard Arusha as a promising strategic centre for the future development of renewable energies due to its booming economic performance resulting from tourism. If there was to be a strong coordinating body, the renewable energy sector would certainly be able to record remarkable achievements and impacts, especially in the rural sector [30] . Available information suggests that the initial cost of establishing the production and use of renewable energy is usually high. However, in the long run operational and maintenance costs are low. The day population of Moshi municipality is estimated to be three times the night population. The current night population (2013) is estimated to be 185,190 while the day population is estimated to be 555,570. The population growth in Moshi municipality is attributed to the high rate of rural-urban migration. The decline in economic activities in rural areas caused by the falling price of coffee and the prolonged drought tend to exacerbate the problem.
Moshi Municipality
The economy of the Council, once a robust one because of the strength of the coffee industry during the 1970s and 1980s, has plummeted, due to both low world prices in the 1990s and low production in the 2000s, which has also been exacerbated by global warming that has wreaked havoc on Mount Kilimanjaro, which it is believed will become snow free by 2029 [33] . Climate experts have warned that this will consequently have an adverse effect on the economy of Kilimanjaro region.
Firewood and charcoal are the main sources of energy for cooking [34] . As a result, deforestation has been rampant in Moshi and the leadership is making concerted efforts to reverse this trend through annual tree-planting campaigns.
Residents of Moshi depend on biomass, especially charcoal, as the main energy for cooking, although a high number use electricity for lighting. This high demand for biomass for cooking raises the concern of deforestation and degradation and its consequent impact on the climate. Developing clean energyefficient technologies could reduce most of these threats.
Data Collection
Both primary and secondary data were collected. Secondary data were collected from similar earlier studies found on the internet and in government reports, and from NGOs and artisans. Secondary data helped to familiarize the researcher with the study and to identify key issues for fieldwork. Since gasfier stove technology is relatively new, the selection of the respondents was purposive, i.e. the researcher talked only to gasfier stove users who were willing to participate in the interviews. For comparison purposes another 55 charcoal users were selected randomly for interviews, making a total of 110 respondents. There was also a discussion with key informants and focus groups, which included the producers of gasfier stoves and pellet manufactures, as well as the sellers of both pellets and stoves and the users of gasfier stoves.
To collect data, structured questionnaires were used to gather detailed information from the users of gasfier stoves while semi-structured questionnaires and checklists were used to collect information from focus groups and key informants. There was also physical observation of the performance of gasfier stoves. Data were analysed using SPSS, START and Excel programmes and are presented in tables and figures.
Model for Factors Influencing Charcoal Adoption
In this study it is hypothesized that the willingness to pay (WTP) for adoption of gasfier stoves will depend on a number of factors, including income, age, family size, education, cost of buying the stove, family size and duration of the stove. That is, WTP = ß 0 + ß 1 Xi+ ß 2 Xe + ß 3 X a + ß4X f + ß5X p + ß 6X d +e Where: WTP is the dependent variable involving the WTP for a gasfier stove ß's= coefficients to be estimated 
Environmental Impact of Gasfier Stove Use
Using the study by Van Asperen [35] , one hectare of miombo produces 35m 3 wood, each of which could be converted into 3,000 kgs of charcoal. Each hectare in a rectangular forest measuring 2.5m by 2.5m consists of 1618.5 trees Bengwayan [36] study on the other hand, presents that one tree in a tropical climate will sequester atmospheric carbon dioxide at an average of 50 pounds or 22.7kgs of carbon dioxide per year.
These two illustrations are adopted to compute the environmental impact of gasfier stove adoption in this study.
RESULTS AND DISCUSSION
Socio-Economic Characteristics of the Respondents
The average age of the respondents was 41.2 years and there was generally not much difference between the two groups. Gasfier stove users had an average age of 41.3 years, while it was 41.1 years for charcoal stove users. The majority of the respondents were female (79.6%). This was anticipated as women are the main users of cooking technologies. Also 89% of the respondents were married (Table 1), 4.5% were widowed, 4.5% had never married and 0.9% were separated. Education-wise, the majority of the respondents had completed form four (30.7%) and form six (23.4%) and 25.9% had a diploma or degree ( Table 1) . This is a relatively high level of education compared to the national average where the majority are primary school leavers. Historically, northern regions of Tanzania were the first to receive education from the colonial administration and missionaries and this trend has been maintained to date. Better educated people may understand better the linkages between the forest, access to clean energy, health and environmental management. 
Main Economic Activities
The findings show that the majority of the respondents (43.6%) were employed, followed by those who were running their own businesses (40%) ( Table 2) . A comparison between the two groups shows that more gasfier stove users were employed (43.6%) or running own businesses (50.9%) than charcoal stove users, who were 43.6% and 40%, respectively.
Income Levels
Overall, a high proportion of the respondents in both groups were earning T.shs 500,000 to 1,000,000 (57.3%), followed by those earning between T.shs 1,000,001 and T.shs 1, 500, 000 (28.7%). In both groups the percentage of respondents earning less than T.shs 500,000 was small (4.5%). As regards those earning over T.shs 1,500,000, the findings show that there were more gasfier stove users (14.6%) than charcoal users (4.5%). Also the gasfier stove users earning between T.shs 1,000,000 and above T.shs 1,500,000 comprised 41.9%, compared to 34.5% for charcoal stove users ( Table 3) .
Comparative Analysis of Energy Costs and Savings
The findings shows that the quantity of pellets consumed per month, the cost of cooking energy per month and savings per year were all statistically significant at p=0.001. An analysis of the cost of energy per month for the two groups shows that gasfier stove users were saving almost two-thirds more than charcoal users ( Table 4 ). The gasfier stove users were spending T.shs 13, 396 for cooking compared to T.shs 36,932 by charcoal stove users. The cost of energy per annum was T.sh 160,754 and 443,189 for gasfier and charcoal stove users, respectively. Overall, gasfier stove users were saving T.shs 282,435 per annum compared to charcoal users ( Table 4) . These findings are consistent with what had been reported by Sulaiman and Romli [2] , Mukunda [15] , and Varunkumar [17] , who all confirmed that gasfier stoves using agricultural pellets were more efficient than those using other biomass such as charcoal and fuelwood. A multiple regression model was used to determine the significance of the factors influenced the purchase of gasfier stoves and the results are displayed in Table  5 . The findings show that household income was positively and statistically significant (p=0.001) in influencing the willingness to purchase gasfier stoves. This confirms what was reported earlier by Hosier and Kipondya [11] who reported that household energy use varies with income group. This suggests that people with relatively high incomes could take the risk of adopting new technologies while the poor are normally risk averse, and will only adopt a new technology when they are convinced that it works, as learned from neighbours or relatives. Studies also show that access to credit and the capacity to bear risk play a big role in the adoption of a new technology [37] . There is evidence that in most of African countries, middleincome families have adopted improved stoves far more quickly than poor families [38] . It can therefore be predicted that the rate of adopting to the developed gasfier stoves will depend on income levels of the households.
On the other hand, age of the respondents, family size and the cost of gasfier stoves were inversely related to the respondents' willingness to purchase gasfier stoves at p=0.05, p=0.001 and p=0.001, respectively. This implies that as the age of a person increases the willingness to adopt new technologies decreases because old people generally find it difficult to change. Also as family size increases the willingness to adopt gasfier stoves decreases, probably due to concern about the ability of the stoves to handle the cooking of large meals, and also arguments within families as to whether or not they should adopt gasfier stoves could affect the rate of adoption. Also the results show that as the cost of gasfier stoves increases the willingness to purchase decreases. According to the producers, the price at which break even can be achieved is T.shs 40,000. The selling price of T.shs 20,000 was therefore subsidised by 50%. This intended to raise awareness and promote the technology. However, as will be seen later in the paper, only 3.3% of the respondents are willing to purchase a stove at the cost of T.shs 40,000.
The R 2 value of 73.5% implies that 73.5% of the variation that occurs in the adoption of gasfier stoves was explained by the independent variables in the model, while 26.5% of the variation was not explained by the model. These findings support the literature cited earlier in that adoption rate increases with shorter paybacks, lower costs, greater annual savings and greater energy conservation [27] .
Environmental Benefits
The average daily consumption of charcoal in the two study areas was estimated to be 2.3kgs per household. With the sample size of 55 households using gasfier stoves, it means about 46,172.5 kgs of charcoal were saved per annum ( Table 6 ). Based on =73.5%, *** significant at p<0.001, ** significant at p<0.05 NS=not significant. Source: Survey data 2012.
Van Asperen [35] this is equivalent to saving 15.4 ha of forest been saved from deforestation per annum Van Asperen [35] also indicates that one hectare consist 1614.5 trees, for 15.4ha it means 24, 910.1 trees were saved from felled down for charcoal production. Based on Bengwayan [36] study this is equivalent to 365.4 tons of carbon been saved for sequestration and reduction in carbon emissions. Extrapolation of these results to the total households in the study areas would have a remarkable impact on environment. Available information shows that the two towns have a total of 800,497 people [34] with an average family size of 3.8, results into 210,657 households in the two urban centres of Arusha and Moshi. Assuming that 80% of these dwellers (or 168525.6 households) in the two urban centres are using charcoal for cooking this means 141,477, 241.2 kgs of charcoal are consumed there per annum in Arusha and Moshi urban centres, respectively. According to Van Asperen [35] , one hectare of miombo produces 35m 3 wood, each of which could be converted into 3,000 kgs of charcoal. This means that clearing the forest for charcoal use in the two urban areas could result in 47,159 hectares deforested per annum.
According to Van Asperen [35] , one hectare of a rectangular forest measuring 2.5m by 2.5m consists of 1618.5 trees. If 47,159 hectares are cleared per annum, it means that 76,327,660 trees are felled each year. One tree in a tropical climate will sequester atmospheric carbon dioxide at an average of 50 pounds or 22.7kgs of carbon dioxide per year [36] . This means that by cutting down 76,327,660 trees for charcoal use in Arusha and Moshi, 1,732,638 tonnes of carbon would be lost, which would have an impact on global warming (Table 6 ). Adopting gasfier stoves that use pellets and other industrial and agricultural byproducts could reduce these problems connected with tree cutting and climate change. This confirms the literature reported earlier that by reducing the demand for charcoal and shifting to other forms of energy could control deforestation [10] .
Factors Constraining the Use of Gasfier Stoves
The findings from this study suggest that the adoption of gasfier stoves by households has both economic and environmental benefits, despite this fact; the adoption rate has remained minimal Ruiz-Mercado [39] commented that no stove programme can achieve its goals unless people initially accept the stoves and continue using them on a long-term basis. In this study the factors that affect gasfier stove adoption were investigated and the results are presented in the following sections.
Cost of Gasfier Stoves
The developed gasfier stoves will only be adopted if they are affordable. Most of the respondents bought gasfier stoves at the subsidized price of T.shs 20,000, while the market price is T.shs 40,000, meaning they paid only 50% of the actual price. An investigation into whether they would be willing to pay for gasfier stoves if there was a slight increase in the price from T.shs 20,000 to T.shs 25,000 showed that as many as 98.4% would still be willing to pay for the stoves. However, an increase in the price by T.shs 10,000 from the current price, i.e. from T.shs 20,000 to T.shs 30, 000, the percentage of respondents who would be willing to buy the stoves decreased to 63.5% (Figure 2) . When the price increased to T.shs 40,000, which is the breakeven point, only 3.2% of the respondents would be willing to buy the stoves. These findings imply that for this technology to be adopted, a subsidy is necessary of at least T.shs 10,000 to bring it down to the price of T.shs 30,000. Alternatively, further innovative research is required to come up with affordable products. Another way of addressing this problem could be that the government, in collaboration with stakeholders, could identify the poorest segment of urban consumers and provide a subsidy to this group while allowing market forces to rule for the rest of the consumers. This is the strategy used by the electricity service, whereby urban consumers in areas like Dar es Salaam are subsidizing the rural poor and poor regions through the Rural Electrification Authority (REA).
Smoke Production
Another limitation of gasfier stoves mentioned by users was smoke, as respondents expressed their dissatisfaction with both the gasfier stoves and the pellets. While most of the respondents were satisfied with the quality of the gasfier stoves with regard to efficiency, nevertheless they expressed dissatisfaction with the smoke emitted by the stoves. It was learnt that the stoves tend to emit a lot of smoke when the pellets are starting to burn and this stops only when they all turn red. However, according to the artisans, it is impossible to prevent smoke emission during the initial stage of burning the pellets. Instead, consumers are advised to take the stoves outside into the open air when starting to burn the pellets so that the smoke disperses easily into the air. The stoves should only be returned to the kitchen when the pellets have turned red.
Quality and Availability of Pellets
Another major concern raised by the gasfier stove users was about the availability of pellets, their quality and burning duration. The respondents expressed concern about the supply of pellets as, according to them, only a few centres sell the pellets in the surveyed towns. In addition, the respondents were unhappy with the quality of the pellets in that they are not well compressed and could easily turn to dust if they are not properly handled. Furthermore, the respondents complained that the pellets do not last long when cooking with the stoves and are quickly finished.
Responding to these concerns, the producers explained that the pellets currently in the market are made from jatropha cakes and due to the nature of this feedstock it has been difficult to compress and bind them tightly so that they do not crumble easily. To solve this problem, the producers suggested a new technology that uses maize cobs as feedstock to produce pellets. According to the manufacturers, the pellets made from maize cobs are harder and more tightly bonded and have the capacity to burn for a longer period than those made from jatropha cakes. Moreover, the pellet producers have seen the need to increase the number of agents selling the pellets to gasfier stove users and, to begin with, they have come up with a new rate of commission for those who would work as their agents ( Table 7) . They have reduced the price to attract agents and the users of pellets. However, this strategy will only be beneficial if a lot of people adopt the technology and use it. This will depend very much on addressing the highlighted weaknesses.
Usability
During the survey it was learned that gasfier stove users still do not know how to control the stove fire through adjusting the door. In most cases they leave the stove door open when cooking, thereby facilitating the burning of the pellets. The door in the stove is meant to control the amount of air entering to burn the pellets. In this case, therefore, the wider the door is opened the higher the burning rate of the pellets and vice versa and the higher the burning rate of the pellets the shorter time the fire will last. This suggests that even if improved pellets are produced, without controlling the air entering the stoves the problem of the pellets finishing quickly will continue. The consumer needs to learn how to properly adjust the amount of air entering the gasfier stoves. Generally, the findings further confirm those of Pachauri and Jiang [40] , who identified that the key drivers of the transition to clean energy adoption were income, energy prices, access to energy and local fuel availability
CONCLUSION AND RECOMMENDATIONS
The main objective of this study was to investigate the socio-economic and environmental impact of gasfier stove adoption in the urban areas of Arusha and Moshi. The major findings are that the stoves are significantly efficient in terms of quantity of pellets used, cost and savings per annum. The study also shows that factors such as income levels are significant in influencing the willingness to adopt the technology. Respondents with relatively high incomes are willing to take risks of adopting the technology. On the other hand, age, family size and price showed an inverse and significant difference in influencing the adoption of gasfier stoves. The study also revealed a significant impact of gasfier stoves use on the environment through reduced deforestation, carbon dioxide emissions and enhancement of carbon dioxide sequestration. Consequently, the author is in agreement with Casillas and Kammen [12] that gasfier stoves have the potential to mitigate climate change, increase access to energy and alleviate rural poverty.
Nevertheless, the adoption of the technology may be constrained by the cost of the stoves, and the quality and availability of pellets. A high proportion of the respondents are unwilling to pay more than T.shs 30,000 per stove while, according to the producers, the break-even price is T.shs 40,000. Addressing the challenges observed could lead to a higher rate of adoption of the technology and consequently the realization of the diverse benefits of gasfier stoves. Generally, more innovative studies are required by the manufacturers to reduce the price of the stoves and improve the quality of the pellets. It is further recommended that educational and awareness campaigns should be implemented on the benefits of gasfier stoves, financial and non-financial incentives should be provided and an institutional framework for governing renewable energy should be established. The government in collaboration with donors should also consider providing a subsidy for the poor. However, subsidies add costs to the government and therefore should only be implemented after a comprehensive cost and benefit analysis of the policy.
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